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[Title of the Invention] 

COMPACT ELECTROPHORESIS APPARATUS AND MASS 
SPECTROSCOPE USING THE SAME 
[Abstract] 
[Problem] 

In an analytic system for separating mixed solution sample by 
electrophoresis and introducing the separated sample component to an analytical 
instrument such as a mass spectroscope for analysis, to provide an 
electrophoretic separation device which can separate a number of samples 
efficiently by electrophoresis, and hence the analytical throughput can be 
improved. 
[Solving Means] 

A plurality of sample introducing systems including liquid traps lOa-lOd, 
sample input ports lla-lld, and electrophoretic flow paths 12a-12d are formed 
on a substrate 1, and different samples are separated by electrophoresis in the 
plurality of sample introducing systems respectively, and the samples separated 
by the respective sample introducing systems are introduced into a liquid trap 4 
in time sequence. The sample solution in the liquid trap 4 is sprayed from the 
terminal of a capillary 5 by gas spraying and ionized, and generated ion is 
introduced into a mass spectroscope 9 for analysis. 
[Effects] 

With the plurality of sample introducing systems, a number of samples 
can be separated by electrophoresis and introduced into the analytical 
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instrument without waiting time, the analytical throughput can be improved. 

[Claims] 

[Claim 1] 

A compact electrophoresis apparatus comprising: a plurality of sample 
introducing systems on one substrate, each of the sample introducing system 
having an electrophoretic flow path, a liquid tank connected to one end of the 
electrophoretic flow path, a sample input port provided at a midpoint of the 
electrophoretic flow path, and one of independent electrodes for applying voltage 
for electrophoresis provided within the liquid tank; a single liquid trap 
commonly connected to the other end sides of all the electrophoretic flow paths of 
the plurality of sample introducing systems; the other common electrode for 
applying voltage for electrophoresis provided in the single liquid trap; a 
reservoir; a spraying capillary forming a flow path for connecting the reservoir 
to the single liquid trap and disposed at one end in the single liquid trap; and a 
gas supplying flow path for supplying spraying gas for spraying solution flown 
out from the other end side of the splaying capillary by a gas flow to the 
periphery of the other end side of the capillary. 
[Claim 2] 

A compact electrophoresis apparatus according to Claim 1, characterized 
in that the reservoir is opened toward an external atmosphere, in that a flow of 
solution such that solution in the reservoir is distributed to the single liquid trap 
by difference in voltage between the pressure of the external atmosphere near the 
reservoir and the pressure in the periphery of the other end side of the capillary 
at which the pressure is lowered by the gas flow, and then distributed to the end 
of the capillary is established, in that the sample supplied from the sample input 
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port is subjected to electrophoresis in the electrophoretic flow path, is flown into 
the single liquid trap, mixed into the flow of solution from the reservoir, 
distributed to the other end side of the capillary, and sprayed by the gas flow. 
[Claim 3] 

A compact electrophoresis apparatus according to Claim 1 or Claim 2, 
characterized in that the independent electrodes provided in the respective liquid 
tanks of the plurality of sample introducing systems are connected to switches 
independently, and the plurality of sample introducing systems are switched and 
operated in sequence by switching these switches. 
[Claim 4] 

A compact electrophoresis apparatus according to any one of Claims 1 to 

3, characterized in that the cross-sectional area of the flow path for connecting 
the reservoir to the single liquid trap is set to be larger than the cross-sectional 
area of the electrophoretic flow paths in the plurality of sample introducing 
systems. 

[Claim 5] 

A compact electrophoresis apparatus according to any one of Claims 1 to 

4, characterized in that the liquid tanks of the plurality of sample introducing 
systems are formed with openings for communicating the liquid tanks with the 
external atmosphere. 

[Claim 6] 

In a compact electrophoresis apparatus according to Claim 5, a compact 
analytical instrument characterized in that the openings of the liquid tanks are 
provided with openable-and-closable lids or valves for blocking communication 
between the liquid tanks and the external atmosphere through the openings. 
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[Claim 7] 

In a compact electrophoresis apparatus according to any one of Claims 1 
to 6, a compact analytical instrument characterized in that the sample input 
ports of the plurality of sample introducing systems are provided with openable- 
and-closable lids or valves for blocking communication between the 
electrophoretic flow paths and the external atmosphere via the sample input 
ports. 
[Claim 8] 

A mass spectroscope using the compact electrophoresis apparatus 
according to any one of Claims 1 to 7 as an ion source. 
[Claim 9] 

A compact electrophoresis apparatus comprising a plurality of sample 
introducing systems provided on one substrate, each of the sample introducing 
system having an electrophoretic flow path, a liquid tank connected to one end of 
the electrophoretic flow path, and a sample input port provided at a midpoint of 
the electrophoretic flow path, characterized in that the plurality of sample 
introducing systems are connected to one common liquid tank provided on the 
substrate. 
[Claim 10] 

An ion source for introducing solution containing the sample in the 
common liquid tank in the compact electrophoresis apparatus according to Claim 
9 into a spraying capillary and the sample is ionized by spraying the solution by 
gas from the terminal portion of the capillary. 
[Claim 11] 

A mass spectroscope characterized in that the ion source according to 
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Claim 10 is mounted. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to an analytical electrophoresis apparatus 
for analyzing minute substances present in a solution and, more specifically to a 
compact analytical instrument including an electrophoretic path and a spray (or 
an ion source) disposed on a substrate formed of silicon or quartz, and a mass 
spectroscope connectable to the compact analytical instrument. 
[0002] 

[Description of the Related Art] 

A capillary electrophoresis apparatus (CE) can separate a minute sample 
component present in a solution. However, it is difficult to identify the type of 
the separated sample component. On the other hand, a mass spectroscope (MS) 
can identify the type of the sample component with high degree of sensitiveness, 
but it cannot separate the sample in the solution. Therefore, when separating 
and analyzing a plurality of substances dissolved in a solvent such as water, a 
capillary electrophoresis/mass spectroscope (CE/MS) configured by joining the 
capillary electrophoresis apparatus to the mass spectroscope is generally used. 
The CE/MS is described, for example, in Analytical Chemistry, 60(1988) pp.43, 
6-441. 
[0003] 

A technology for separating mixed sample via electrophoresis by forming 
a fine groove on a glass substrate and using the fine groove as an electrophoretic 
flow path is described in Analytical Chemistry, 65(1993), pp.2 637-2642. 
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[0004] 

In order to analyze the sample component separated by the capillary 
electrophoresis apparatus (CE) using the mass spectroscope, it is necessary to 
convert sample component molecules in a solution into ion is a gas phase. As 
conventional technologies for obtaining ion, an ion spray method (Analytical 
Chemistry, 59(1987), pp. 2642-2646), an electro-spray method (Journal of 
Physical Chemistry, 88 (1984), pp. 4451-4459), and an ambient pressure chemical 
ionizing method (Analytical Chemistry, 54(1982), PP.143-146) are known. 
[0005] 

Recently, as an ionizing method different from the above described 
conventional methods, a sonic spray method which can generate ion effectively 
only by spraying sample solution by gas flow at sonic speed is reported 
(Analytical Chemistry, 66(1994), pp.4557-4559; Analytical Chemistry, 67(1995), 
pp.2878-2882; JP-A-7-306193, or JP-A-8-62200). In this method, it is 
considered that fine charged liquid drops are generated by gas flow at sonic 
speed and then solvent molecules are separated therefrom for generating ion. 
[0006] 

[Problems to be Solved by the Invention] 

With a method for analyzing mass by separating mixed sample by 
conducting electrophoresis with an apparatus having only one electrophoretic 
flow path as in the related art, samples have to be repeatedly input for analyzing 
a number of mixed samples, and hence it takes long time for analysis. Also, 
since the mass spectroscope is expensive and is difficult to downsize, it is not 
realistic to use a plurality of mass spectroscopes to achieve high-throughput. In 
addition, since the mass spectroscope is deteriorated in sensitivity due to 
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contamination, cleaning is necessary after several times of analysis. Therefore, 

the period required for analysis was extended by this cleaning process. 

[0007] 

With the conventional apparatus employing the above-described sonic 
spray method, sample solution in the electrophoretic path may be sucked out 
from the terminal of the capillary more than necessary by a high-velocity gas 
flow flowing near the terminal of the capillary (spray end), and hence it is 
difficult to be used for analysis of extra minute samples. 
[0008] 

Accordingly, it is an object of the present invention to provide an 
apparatus in which a plurality of samples can be analyzed at high-throughput for 
analysis, and contamination of the apparatus is prevented, so that analysis of 
minute mixed samples can be performed with high sensitivity at high-throughput 
without interruption. 
[0009] 

[Means for Solving the Problems] 

In the present invention, in order to solve the problem of deterioration of 
sensitivity due to contamination as described above, reduction of the amount of 
required sample is achieved and hence reduction of the number of cleaning is 
achieved by forming a fine electrophoretic flow path on a substrate via micro- 
fabrication technology and allowing electrophoresis to be performed therein. 
[0010] 

By employing a sonic spray ion source as an ion source, efficient 
ionization is achieved, and furthermore, reduction of the sample to a minute 
amount is achieved. The problem of suction of the sample solution by the sonic 
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spray as described above can be solved by providing a separate flow path from 
the electrophoretic flow path and setting the cross-sectional area of the separate 
flow path to be larger than that of the above-described electrophoretic flow path. 
[0011] 

In addition, in order to enable high speed analysis of a plurality of 
samples with a single mass spectroscope, a plurality of electrophoretic flow paths 
are formed on the above-described substrate, and mass spectrometric analysis is 
performed by electrophoretic separation using the plurality of electrophoretic 
flow paths in time sequence, whereby high-throughput of analysis is achieved. 
Furthermore, by providing a plurality of substrate on which the above-described 
electrophoretic flow paths are formed, and filling the sample solution in each 
substrate in advance, analysis can be performed simply by setting the plurality of 
substrates in sequence in the mass spectroscope, thereby improving the 
throughput. 
[0012] 

[Mode for Carrying Out the Invention] 

Referring now to the drawings, a mode for carrying out the invention 
will be described according to an embodiment. 
[0013] 

Fig. 1 shows a schematic structure of a mass spectroscope employing a 
compact electrophoresis apparatus as a first embodiment of the present invention. 
In the electrophoresis apparatus according to the present embodiment, a 
reservoir 2, a flow path 3, and a liquid trap 4 are formed on a substrate 1 formed 
of quartz or silicon by micro fabrication technology and mobile-phase solution is 
filed therein. One end (inlet end) of a capillary 5 is inserted into the liquid trap 
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4, and a gas flow path 6 for flowing spraying gas supplied from an external gas 
supply source along the outer wall surface of the capillary 5 is formed on the 
outer periphery of the capillary 5. The other end (outlet end) of the capillary 5 
is inserted into an orifice 7, through which the aforementioned spraying gas is 
discharged toward the outside. An ion source unit, including the capillary 5, 
the gas flow path 6, and the orifice 7, may be formed by assembling separate 
members, not by integrating with the substrate 1. 

[0014] 

When the aforementioned spraying gas is discharged from the orifice 7 at 
a high speed, a pressure around the terminal (outlet end) portion of the capillary 

5, which is inserted into the orifice 7, is lowered to the level lower than an 
external atmospheric pressure (normally, ambient pressure), and hence solution 
in the liquid trap 4 is sucked into the capillary 5 and sprayed from the terminal 
portion. The solution is replenished from the reservoir 2 by an amount 
corresponding to the amount sucked into the capillary 5. Therefore, the 
reservoir 2 is not sealed, and is formed with an opening for communicating with 
the external atmosphere (atmospheric air). The flow path 3 and the liquid trap 
4 are sealed. 

[0015] 

A plurality of liquid traps lOa-lOd are formed on the substrate 1, and 
electrophoretic flow paths 12a-12d are formed between these liquid traps lOa-lOd 
and the aforementioned liquid trap 4, respectively, in which mobile-phase 
solution is filled therein. At the midpoint of the respective electrophoretic flow 
paths 12a-12d are formed with sample input ports lla-lld, respectively. The 
liquid trap 4 and the liquid traps lOa-lOd are provided with electrode 8 and 
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electrodes 14, respectively, and when samples are input from the sample input 
ports lla-lld, a voltage is applied between the corresponding electrodes for 
achieving electrophoresis. In the present embodiment, a configuration with four 
sets of sample introducing systems including the liquid traps lOa-lOd, the sample 
input ports lla-lld, and the electrophoretic flow paths 12a-12d is shown as an 
example. However, a larger (or a smaller) number of sample introducing 
systems are also applicable. What is important is to provide a plurality of sets 
of sample introducing systems. 
[0016] 

The sample may be input by manual operation using a pipette, or may be 
performed by an auto sampler, which can input the sample automatically. The 
sample may be input after having set the aforementioned electrophoretic 
separating system to a mass spectroscope 9, or may be input before setting the 
aforementioned electrophoretic separating system to the mass spectroscope 9. 
[0017] 

The aforementioned four electrodes 14 are provided with switches 13a- 
13d, respectively. It is possible to turn only one switch on to operate (conduct 
electrophoresis) only one sample introducing system corresponding thereto so as 
to avoid overlapping of operating time among those systems. Alternatively, it is 
also possible to use by overlapping the operating time by shifting the timings 
when the plurality of switches are turned on so as to shift the timing when the 
sample reaches the liquid trap 4 in sequence. Alternatively, the switches 13a- 
13d are turned on simultaneously to differentiate the length of the 
electrophoretic flow paths 12a-12d, so that the timing when the sample reaches 
the liquid trap 4 is shifted in sequence. 
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[0018] 

The cross-sectional area of the electrophoretic flow paths 12a-12d is set 
to be smaller than the cross-sectional area of the flow path 3. Since solution in 
the flow path is sucked from the portion of the flow path having the large cross- 
sectional area into the capillary 5 through the liquid trap 4 by a negative 
pressure generated around the terminal portion of the capillary 5 by a high-speed 
injection flow of spraying gas, solution in the flow path 3 is significantly sucked. 
However, solution including the sample in the electrophoretic flow paths 12a-12d 
may be prevented from being sucked by a large amount. 
[0019] 

The sample component after electrophoretic separation is mixed with the 
mobile-phase solution from the reservoir 2 in the liquid trap 4, and sucked into 
the capillary 5, and then sprayed into the atmospheric air from the terminal of 
the capillary 5. Having sprayed, the sample component is ionized, and the 
sample component ion is introduced into the mass spectroscope 9 for mass 
spectrometric analysis. It is also possible to connect the compact 
electrophoresis apparatus formed on the substrate 1 to other spectroscopes other 
than the mass spectroscope for introducing the spraying gas from the capillary 5 
into other spectroscope for analysis. 
[0020] 

Fig. 2 shows an example of the cross-sectional structure of a part 
including one of the plurality of sets of sample introducing systems having the 
liquid trap 10a shown in the embodiment in Fig. 1, the sample input port 11a, and 
the electrophoretic flow path 12a and the capillary 5. The liquid trap 10a is 
formed with an opening on the upper surface thereof, and is communicate with 
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the external atmosphere (atmospheric air) via the opening. The electrode 14 
may be installed by inserting through the opening or may be installed at a 
position other than the opening as shown in the drawing. The opening area of 
the opening may be set to be almost the same as the upper area of the liquid trap 
10a for opening the entire upper surface of the liquid trap. 
[0021] 

When the sample is input from the sample input port 11a, the switch 13a 
is turned on and a voltage is applied to the portion between the electrodes 14 and 
the electrode 9 for conducting electrophoresis. The portion of the flow path 
other than the portion provided with the liquid trap 10a and the sample input 
port 11a is entirely sealed and blocked from the outside air. 
[0022] 

Fig. 3 shows an example of the cross-sectional structure of a portion 
including the reservoir 2, the flow path 3, and the capillary 5. The reservoir 2 is 
formed with an opening on the upper wall surface thereof, and is communicated 
with the external atmosphere (atmospheric air). It is also possible to set the 
opening area of the above-described opening almost equal to the upper area of 
the reservoir 2 to open the entire upper surface of the reservoir 2 to the outside 
air. The reservoir 2 is preferably set to a size which can accommodate a larger 
amount of solution than the respective liquid traps lOa-lOd in order to avoid 
suction of solution containing samples from the sample introducing system more 
than necessary. In order to avoid dilution of the sample as much as possible, the 
capacity of the liquid trap 4 is preferably set to a value significantly smaller than 
that of the reservoir 2. 
[0023] 
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Fig. 4 shows another example of the cross-sectional structure of the 
sample introducing system which is different from that shown in Fig. 2. In this 
example, in a first place, the entire portion of the flow path is formed by curving 
the surface of the substrate so that the entire upper surface of the flow path is 
opened to the outside air, and subsequently, a sealing lid 15 having an opening at 
a predetermined position and being formed separately from the substrate 1 is 
covered on the upper surface of the flow path portion for sealing the 
predetermined portion of the flow path from the outside air. 
[0024] 

Fig. 5 shows still another example of the cross-sectional structure of the 
portion including the reservoir 2, the flow path 3, the capillary 5, which is 
different from that shown in Fig. 3. In this example, as in the case of the 
example of the cross-sectional structure of the sample introducing system shown 
in Fig. 4, in a first place, the entire portion of the flow path is formed by curving 
the surface of the substrate so that the entire upper surface of the flow path is 
opened to the outside air, and subsequently, the sealing lid 15 having an opening 
at a predetermined position and being formed separately from the substrate 1 is 
covered on the upper surface of the flow path portion for sealing the 
predetermined portion of the flow path from the outside air. 
[0025] 

Fig. 6 shows further example of the cross-sectional structure of the 
sample introducing system. In this example, lids 16, 17 are attached to the 
openings of the liquid trap 10a and the sample input port 11a, respectively. It is 
the same for other sample introducing systems. When electrophoresis is not 
being conducted, these lids 16, 17 may be closed. Accordingly, intrusion of 

13 



contaminating substances from the outside can be prevented. The lid 17 of the 
sample input port can be kept closed after having input the sample even when 
electrophoresis is being conducted. The lid 16 of the liquid trap 10a may be 
kept opened during electrophoresis. The lid 17 of the sample input port 11a 
must not be closed necessarily during electrophoresis, and may be kept opened. 
[0026] 

Fig. 7 shows still another example of the structure of the sample 
introducing system. In this example, as in the case shown in Fig. 4, the upper 
surface of the flow path portion formed by curving a groove on the upper surface 
of the substrate 1 is sealed by the sealing lid 15, which is formed of a member 
separated from the substrate 1, and as in the case in Fig. 6, the lids 16, 17 are 
provided on the openings of the liquid trap 10a and the sample input port 11a, 
respectively. The function of the sealing lid 15, the function of the lids 16, 17, 
and a method of using the same are as described in conjunction with the 
description of Fig. 4 and Fig. 6. 
[0027] 

In the structures shown in Fig. 2 to Fig. 7, it is also applicable to connect 
a separate auxiliary container to the liquid trap 10a formed on the substrate 1 or 
the reservoir 2 for further increasing the solution storage capacity of the liquid 
trap 10a or the reservoir 2. 
[0028] 

In Fig. 6 and Fig. 7, the material of the lids 16, 17 may be a soft material 
such as rubber. Opening and closing operation of the lids 16, 17 may be made 
manually, or by using an opening-closing mechanism employing air pressure. It 
is also possible to provide valves instead of the lids 16, 17 and adapt these valves 
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to be opened and closed under automatic control. 
[0029] 

[Advantages of the Invention] 

According to the present invention, continuous electrophoretic 
separation of a plurality of minute sample is enabled, and the number of times of 
cleaning of the apparatus is decreased by reducing the amount of the sample to a 
minute amount, whereby the analytical throughput is improved. By providing a 
plurality of compact electrophoresis apparatuses according to the present 
invention in which a plurality of samples are input in advance, and then setting 
them to the analytical instrument such as a mass spectroscope in sequence and 
analyzing the same, troubles of replacing the samples can be omitted, and the 
throughput is further improved. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a schematic drawing showing a structure of a mass spectroscope 
employing a compact electrophoresis apparatus according to an embodiment of 
the present invention. 
[Fig. 2] 

Fig. 2 is a drawing snowing an example of a cross-sectional structure of a 
sample introducing system including an electrophoretic flow path and a capillary 
according to the embodiment shown in Fig. 1. 
[Fig. 3] 

Fig. 3 is a drawing showing a cross-sectional structure of a portion 
including a reservoir with a flow path portion continuing therefrom and the 
capillary according to the embodiment shown in Fig. 1. 
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[Fig. 4] 

Fig. 4 is a drawing showing another example of the cross-sectional 
structure of the sample introducing system including the electrophoretic flow 
path and the capillary according to the embodiment shown in Fig. 1. 
[Fig. 5] 

Fig. 5 is a still another example of the cross-sectional structure of a 
portion including the reservoir with the flow path portion continuing therefrom 
and the capillary according to the embodiment shown in Fig. 1. 
[Fig. 6] 

Fig. 6 is further example of the cross-sectional structure of the sample 
introducing system including the electrophoretic flow path and the capillary 
according to the embodiment shown in Fig. 1. 
[Fig. 7] 

Fig. 7 is a drawing showing still another example of the cross-sectional 
structure of the sample introducing system including the electrophoretic flow 
path and the capillary according to the embodiment shown in Fig. 1. 
[Reference Numerals] 
1... substrate 
2. ..reservoir 
3.. .flow path 
4. ..liquid trap 
5. ..capillary 
6. ..gas flow path 
7. ..orifice 
8.. .electrode 
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9. ..mass spectroscope 
lOa-lOd... liquid trap 
lla-lld... sample input port 
12a-12d...electrophoretic flow path 
13a-13d... switch 
14. ..electrode 
15. ..sealing lid 
16, 17...1id 
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